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(54) Surface-type optical device, fabrication method therefor and display device 



(57) A surface-type optica) device, such as a sur- 
face emitting laser device, includes a first substrate, a 
plurality of active regions formed and disposed on the 
first substrate, and a control unit for injecting a current 
into or applying an inverse voltage to each active region. 
A portion of the first substrate is removed over an area 
including at least two active regions. The active region is 
constructed such that light is output from or input into 
each active region perpendicularly to the first substrate. 
A second substrate may be bonded to a side of the epi- 
taxiafly-grown layers of the first substrate. 
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Description 

BACKGROUND OF THE INVENTION 

Fie!d of the Invention s 

[0001 ] The present invention relates to a surface- type 
optical device, such as a vertical cavity surface emitting 
laser (VCSEL), whose fabrication is easy, whose yield 
can be increased and which is suitable for use in a two- io 
dimensional array structure, to its fabrication method 
and to a display device using the surface-type optical 
device. 

Related Background Art is 

[0002] Recently, development of a solid-state light 
emission device of a two-dimensional array type has 
been desired for the purpose of its applications to large* 
capacity parallel optical information processing, high- 20 
speed optical connection and panel-type display appa- 
ratus. Low cost, low consumption of electric power, high 
productivity, and high reliability are required to achieve 
those applications. Various materials for such a surface 
emitting solid-state device have been studied and devel- 2s 
oped. It has been found that single-crystalline semicon- 
ductors are notably suitable for reliability. Especially, 
development of a surface emitting device using com- 
pound semiconductor has been energetically 
advanced. With this compound semiconductor, light 30 
emission is possible over a wide range from ultraviolet 
to infrared by changing materials of its substrate and 
layer structure Hence, that material is prospectively 
seen as a display devica 

[0003] Among light emission devices, a laser diode 35 
(LD) including reflection mirrors at its opposite ends is 
most excellent in light emitting efficiency, compared to 
devices using spontaneous emission. Therefore, elec- 
tric power consumption can be greatly lowered when 
those LDs are arranged in a two-dimensional manner. 40 
With this point in view, development of the VCSEL has 
been actively advanced in recent years. 
[0004] With the VCSEL. devices have also been 
developed over a range from a blue color at a wave- '. 
length of about 400 nm to a communication wavelength 45 
band of 1.55 Mm. Studies have been made in material 
series, such as the AIGaN/lnGaN series on a sapphire 
substrate, the InGaAIP/inAlP and InGaAs/AIGaAs 
series on a GaAs substrate, and the InGaAs/lnGaAsP 
series on an InP substrate. so 
[0005] The fundamental structure of two-dimensional 
arrayed VCSELs is illustrated in Fig. 1. Laser light is 
emitted perpendicularly to a substrate 1101. Each 
device is provided with high- reflective coatings 1109 
and 1 1 1 0 of over 99% reflectivity at opposite end faces 55 
of epitaxially-grown layers with a thickness of about sev- 
eral microns. Reference numeral 1114 designates epi- 
taxial layers, reference numeral 1115 designates a light 



emitting region, and reference numeral 1116 designates 
an active layer or a light emitting portion. 

[0006] A multiplicity of alternately-layered layers with 
different refractive indices and a common A/4 thickness 
are used as the reflective mirror. The materials are gen- 
erally dielectric (in the case of Fig. 1), or epitaxially- 
grown semiconductors. Examples of the epitaxially- 
grown mirror are as follows: a multi-layer mirror of alter- 
nately-formed AlAs and GaAs layers (an AlAs/GaAs 
mirror), an active layer and other layers are deposited 
on a GaAs substrate during a single growth process, as 
disclosed in ELECTRONICS LETTERS, 31. p. 560 
(1995); and a Ga As/A! As mirror formed on a GaAs sub- 
strate is directly or without any adhesive bonded to a 
laser structure ol an InGaAsP/InP series grown on an 
InP substrate, as disclosed in APPLIED PHYSICS LET- 
TERS, 66, p. 1030(1995). 

[0007] Further, Japanese Patent Laid-Open No. 9- 
223848 (1997) discloses a VCSEL with epitaxial semi- 
conductor mirrors, in which after a structure of its epitax- 
ial layers including an active layer grown on a 
semiconductor substrate is bonded to another semicon- 
ductor substrate with an integrated circuit by using poly- 
imide adhesive or the like, its laser substrate is all 
removed and devices are thus separated from each 
other, as illustrated in Fig. 2. In such a manner, a semi- 
conductor device with integrated VCSELs and other 
electric devices is fabricated. In Fig. 2. reference 
numeral 4100 designates a light input and output sub- 
strate, reference numeral 4100A designates a light 
receiving device, reference numeral 41 00B designates 
a VCSEL, reference numerals 4100C and 4100D desig- 
nate electric wires of the devices 41 00 A and 4100B, 
respectively, reference numeral 2000 designates an 
integrated-circuit substrate, reference numeral 2000A 
designates a metal wire of the integrated-circuit sub- 
strate 2000, reference numeral 3000 designates an 
insulating layer, and reference numeral 4000 desig- 
nates an electric wire. With this construction, a high- 
density arrayal is possible. 

[0008] However, where a set of the epitaxial semicon- 
ductor layers is used as multi-layer mirror, the difference 
in refractive indices between the different semiconduc- 
tor layers cannot be large in the case of InGaAsP/InP, 
for example. Therefore, the number of the epitaxial lay- 
ers increases, and its growth time and its thickness are 
also, increased. Thus, its productivity is lowered, and 
processing of the device and flattening of the surface 
are difficult to perform. 

[0009] Further, practical materials for use as the sem- 
iconductor mirror are presently GaAs/ AlAs, and when 
their lattice constants are considered, the choice of usa- 
ble materials of the active layer is limited and its oscilla- 
tion wavelength band is hence restricted. Where the 
GaAs/AIAs mirror is <firectly bonded, the size of the 
semiconductor substrate is limited although another 
wavelength band is available due to an expanded range 
of usable materials for the active layer. This method is 
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thus effective in the case of a small area only. 
[0010] On the other hand, the dielectric multi-layer 
mirror cannot be directly laid down on the substrate, 
although its fabrication is easy Therefore, the layering 
needs to be performed after the bottom face of the sub- 
strate 1 1 0 1 is etched to open a window 1 1 0 1 a. as illus- 
trated in Rg. 1. Accordingly, the window 1101a must be 
precisely formed, and windows 1 101a cannot be formed 
so close to each other. As a result its yield and uniform- 
ity are low or bad, and devices cannot be formed with 
high density, leading to unsuitabtlrry of the devices for a 
two-dimensional arrayal. 

[001 i] Further, also in the case of the epftaxially- 
grown mirror, the substrate comes to be an absorptive 
material depending on the oscillation wavelength band, 
and thus a hole must be etched in the substrate as illus- 
trated in Fig. 1 when oscillation light is to be taken from 
the substrate side. Hence, high-density arrayal is also 
difficult in this case 

[001 2] Furthermore, in the device as illustrated in Fig. 
2, the substrate is not a substrate of transparent mate- 
rial, and therefore light cannot be taken from the sub- 
strate side. Further, since an electrode wiring is formed 
for each light emitting portion at its stepped portion, the 
wiring process is difficult and its yield is degraded. Par- 
ticularly, when the dielectric multi-layer mirror is to be 
formed on the semiconductor layer of the structure as 
illustrated in Fig. 2, the yield is drastically injured. 

SUMMARY OF THE INVENTION 

[001 3] An object of the present invention is to provide 
a surface-type optical device whose growth substrate is 
removed over an area of plural active regions and which 
is suitable for a two-dimensional surface-type optical 
device of an array-type whose fabrication is simple and 
whose productivity is high, an to its fabrication method 
and a display apparatus using such a surface-type opti- 
cal device. 

[001 4] A surface-type optical device for achieving the 40 
object of the present invention includes a first substrate, 
a plurality of active regions formed and disposed on the 
first substrate (growth substrate), and a control unit for 
injecting a current into or applying an inverse voltage to 
each active region. A portion of the first substrate is as 
removed over an area including at least two active 
regions, and each active region is constructed such that 
light is output from or input into the active region per- . 
pehdicularly to the first substrate. In this structure, hole- 
etching of the substrate is executed over the plural so 
active regions (not for each active region), so that inter- 
vals between the active regions can be narrowed with- 
out considering interference between etched holes and 
even a high-density array can be readily produced with 
high productivity. 55 
[001 5] Based on the above fundamental structure, the 
following specific structures are possible, with the fol- 
lowing technical advantages. 



[0016] The active regions are arrayed, and a portion 
of the growth substrate is removed over an area of ail 
the arrayed active regions. A desired number of the 
active regions are arranged in a two-dimensional array, 
5 for example, and the growth substrate is removed in the 
overall area. Therefore, even when the active regions 
are arrayed with a high degree of integration and high 
density, the hole-etching can be effected stably and 
accurately. 

io [0017] A portion of the growth substrate (e.g., a frame 
form) is left , outside all the arrayed active regions. A 
process of the hole-etching can be readily conducted 
and a mechanical strength of the device can be 
secured, so the reliability can be improved. 
75 [0018] The active regions are arrayed, and a portion 
of the substrate is left in a lattice-shaped form over an 
area of all the arrayed active regions. Adequate 
mechanical strength can be secured even if the growth 
substrate is not bonded to another substrate. Accord- 
20 ingly, its reliability can be improved with a simple struc- 
ture. 

[0019] The growth substrate with the active regions 
arrayed thereon is bonded to a second substrate with 
the active regions interposed between the growth sub- 
zs st rate and the second substrata Adequate mechanical 
strength can be secured by a simple process, and its 
reliability can be improved. 

[0020] The control unit includes a common electrode 
common to the active regions formed on a remaining 
so portion of the growth substrate. When the growth sub- 
strate is electrically conductive (typically, impurity- 
doped semiconductor), an electrode on the side of the 
epttaxially-grbwn layers can be simply formed on the 
remaining portion of the growth substrate as a common 
35 electrode. 

[0021 ] The control unit includes an electrode wire pat- 
tern formed in the area including at least two active 
regions (an area where the growth substrate is 
removed) to take out each electrode from each active 
region. Thus, the active regions can be independently 
driven by such an electrode structure. 
[0022] The first substrate with the active regions 
arrayed thereon is bonded to a second substrate with 
the active regions interposed between the first and sec- 
ond substrates, the control unit includes an electrode 
pattern formed on a surface of the active regions, to 
which the second substrate is bonded, and the elec- 
trode pattern is exposed by a removal of an outermost 
portion of the first substrate and a portion of the active 
regions to take out each electrode from each active 
region. Thus, the active regions can be independently 
driven similarly. 

[0023] The first substrate with the active regions 
arrayed thereon is bonded to a second substrate with 
the active regions interposed between the first and sec- 
ond substrates, and the control unit includes an elec- 
trode pattern formed on a surface of the second 
substrate, to which the first substrate is bonded such 
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that the electrode pattern is electrically connected to 
each active region to take out each electrode from each 
active region. Thus, the active regions can be independ- 
ently driven similarly. 

[0024] The control unit includes positive and negative s 
electrodes formed in a matrix form such that each active 
region can be driven independently. When the number 
of the arrayed active regions is large, the patterning will 
be too complicated rf an independent driving of the 
respective pixels is conducted by the electrode pattern- w 
ing. In such a case, the matrix driving is advantageous. 
[0025] The first substrate with the active regions 
arrayed thereon is bonded to a second substrate with 
the active regions interposed between the first and sec- 
ond substrates, and the second substrate is a semicon- is 
ductor substrate with an electronic circuit formed 
thereon. Thus, an opto-electronic integrated circuit with 
an electronic circuit and a surface-type optical device 
can be readily formed on a common Si substrate, for 
example. 20 
[0026] The active region includes a light emission 
layer such that a surface emitting device for emitting 
light perpendicularly to the first substrate is formed. A 
surface emitting device, such as a surface emitting smi- 
conductor laser, can be thus formed. In this case, the 25 
surface emitting device may be a vertical cavity surface 
emitting laser with a pair of reflection mirrors provided 
on opposite sides of the tight emission layer. Further, 
the surface emitting device may be a light emitting 
device with at most a reflection mirror provided on one 30 
side of the light emission layer. 
[0027] The active region has a light absorptive layer 
such that a surface-type light receiving device for 
receiving tight input perpendicularly to the first substrate 
is formed. In this case, the surface-type light receiving 35 
device may be a light receiving device with at least a 
reflection mirror provided on at least a side of the light 
reception layer. Input light can be effectively received by 
the light absorptive layer due to collection of light by the 
reflection mirror. 40 
[0028] The active region includes at least a reflection 
mirror consisting of two kinds of dielectric layers (such 
as dielectric glass) which are alternately layered. A sur- 
face-type optical device can be thus formed at a rela- 
tively inexpensive cost 45 
[0029] The active region includes at least a reflection 
mirror consisting of two kinds of semiconductor layers 
which are alternately layered. In this case, the mirror 
can be fabricated successively to other epitaxial layers 
during a single process, so its fabrication process can so 
be simplified. 

[0030] The first substrate with the active regions 
arrayed thereon is bonded to a second substrate of a 
transparent material with the active regions interposed 
between the first and second substrates, each active 55 
region includes a light emission layer such that a sur- 
face emitting device lor emitting light perpendicularly to 
the first substrate is formed, and a fluorescent sub- 



stance is provided between the surface emitting device 
and the second substrate such that display can be per- 
formed by light of a color at an emission wavelength of 
the surface emitting device or light of a fluorescence 
color generated when the fluorescent substance is stim- 
ulated by the light from the surface emitting device. 
When a two-dimensional surface emitting device of an 
array type is formed and fluorescent substances of R 
(red), Q (green) and B (blue) are provided for each 
emission point, an all-solid-state full-color display appa- 
ratus can be obtained with high productivity. 

[0031 ] The active region includes layers of compound 
semiconductor consisting of a Ill-group element 
selected from B, Al, Ga and In and a V-group element, 
N, or an active layer of an oxide of Zn and clad layers of 
an oxide of Mg. Thus, a surface emitting device, such as 
a highly-efficient LD or LED, for emitting tight from blue 
to ultraviolet can be fabricated, and a high-luminance 
full-color display apparatus can be provided. 
[0032] The active region may preferably have a cur- 
rent constriction structure for constricting a current flow. 
[0033] A fabrication method of a surface-type optical 
device for achieving the object of the present invention 
includes a step of epitaxially growing layers including an 
active layer on a first substrate, a step of forming a plu- 
rality of active regions on the first substrate, each of 
which is constructed such that light is output from or 
input into each active region perpendicularly to the first 
substrate, and a step of removing a portion of the first 
substrate over an area including at least two active 
regions. The removing step may be performed after or 
before the forming step. 

[0034] A step of bonding a side of the epitaxially- 
grown layers of the first substrate to a second substrate 
may be further performed. The removing step may be 
performed after or before the bonding step. 
[0035] A step of forming a current constriction struc- 
ture for constricting a current flow to the active layer in 
the active region may be further performed. 
[0036] A step of forming a reflection mirror on a side 
of the epttaxially-grown layers of the first substrate may 
be further performed. 

[0037] A step of forming a reflection mirror on a face 
ol the epttaxially-grown layers exposed by the removing 
step of the first substrate may be further performed. 
[0038] The principle of the present invention will be 
described using an example (this is a first embodiment, 
described below). 

[0039] A hole-etching of a growth substrate is per* 
formed only over a two-dimensional array area of light 
emission regions, after the growth substrate is bonded 
to another substrate, such as St. as illustrated in Fig. 
3A. Thus, the growth substrate is left, for example, in a 
frame shape in an area outside the area of the light 
emission regions. Intervals between the light emission 
regions (pixels) can hence be decreased, and a highly- 
dense integration of those pixels is made possible, fan 
this case, an electrode can be taken from the side of the 
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growth substrate. Where no epitaxial mirror is provided 
on the substrate, a dielectric multi-layer mirror only 
needs to be formed after the etching of the growth sub- 
strate. 

[0040] In the structure of this example, an essential s 
element of the present invention only consists in that a 
plurality of active regions (such as light emission layers 
and light absorption layers) are arranged on a common 
growth substrate and that the growth substrate is par- 
tially removed only in a portion wherein at least two io 
active regions are formed. Other specific structures are 
not essential to the present invention, but are only par- 
ticular to this example. 

[0041 ] The fabrication method of the example will be 
briefly described using Figs. 4A and 4B. As illustrated in is 
Fig. 4A, a laser structure in the form of an active layer 
sandwiched between p-type and n-type clad layers is 
epitaxially grown on a semiconductor substrate of a sin- 
gle crystal, a region around the light emission region is 
etched into an annular shape, and the etched groove is 20 
buried with polyimide or the like. The light emission 
region is shaped into, for example, a cylinder with a 
diameter of 20 urn, and the etched annular shape has 
an outer diameter of 40jtm.. Here, the periphery of the 
active layer is selectively wet-etched by several microns 25 
to be shaped into a cirde with a diameter of about 15 
jim. considering the effective diameter of a reflection 
mirror to be fabricated later. As illustrated in Fig. 4B. 
after an electrode is formed, the electrode and the sem- 
iconductor cap layer are etched into a circular shape of 30 
a diameter about equal to that of the active layer, and a 
dielectric multi-layer mirror is formed using a RF sputter- 
ing method or the like. 

[0042] As illustrated in Fig. AC, the substrate is pol- 
ished to a thickness of about 1 00 urn, and an electrode 35 
is then formed on the bottom surface of the substrate 
and annealed. Thereafter, after the side of the dielectric 
mirror of the growth substrate is bonded to an InP sub- 
strate with its thermally-oxidized surface thereon, for 
example, the electrode and semiconductor substrate 40 
are removed except the frame-shaped portion. The 
bonding is conducted using an adhesive of a type which 
softens when heated, or a direct bonding with a solid- 
phase junction. The removal of the substrate is per- 
formed using wet etching, dry etching, or their combina- 45 
tion. 

[0043] As illustrated in Fig. 4D, a dielectric mirror is 
then formed only over the etched area of the growth 
substrate by using a lift-off method or the like, and the 
electrode. on the side of the epitaxial layers is exposed so 
by etching an outer portion of the frame-shaped sub- 
strate. Such a VCSEL array as illustrated in Fig. 3A can 
be fabricated. 

[0044] Since those light emission regions can be 
arranged in a two-dimensional array on the original ss 
semiconductor substrate, a surface-emitting type array 
device can be readily fabricated. Regarding the etching 
of the semiconductor substrate, holes are not individu- 



ally etched for the respective pixels differently from the 
prior art device, and instead the substrate is etched over 
the array area, so that no limitations is imposed on 
either the device intervals or the yield. 

[0045] Further, the area of the device can be enlarged 
according to the present invention, compared to the 
case where the semiconductor mirror is directly bonded. 
The size of the device is generally limited by the size of 
the semiconductor substrate (about a 3-inch diameter in 
the case of compound semiconductor), but the size of 
the device can be further expanded by bonding the sub- 
strates to another support substrate. An independent 
electrode can be taken from each pixel on the growth 
substrate side, or electrodes on the support substrate 
side and the growth substrate side can be patterned in 
a matrix form as illustrated in Fig. 5 to attain the electri- 
cal conduction. Portions between the Dght emission 
regions (pixels) can be etched and polyimide can be put 
thereinto to prevent interference of current. Such an 
array laser can be applied to a two-dimensional array 
light source for use in optical information processing or 
optical interconnection. Further, such an array device 
can be formed of material capable of emitting blue or 
ultraviolet light, and such a device can be applied to a 
full-color display device in which fluorescent substances 
of R . G and B are deposited on a glass surface. . 
[0046] These advantages and others will be more 
readily understood in connection with the following 
detailed description of the preferred embodiments in 
conjunction with the drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS 

[0047] 

Fig. 1 is a perspective view with a cut-away portion 
illustrating the structure of a first prior art VCSEL 
array 

Fig. 2 is a cross-sectional view of a second prior art 
device. 

Fig. 3A is a perspective view with a cut-away por- 
tion illustrating the structure of a VCSEL array of a 
first embodiment according to the present inven- 
tion. 

Fig. 3B is a cross-sectional view illustrating the 
structure of a single active region of the first embod- 
iment. 

Figs. 4A through 4D are respectively cross-sec- 
tional views illustrating fabrication steps of the first 
embodiment. 

Fig. 5 is a perspective view with a cut-away portion 
illustrating the structure of a VCSEL array of a sec- 
ond embodiment according to the present inven- 
tion. 

Fig. 6 is a cross-sectional view illustrating the struc- 
ture of a single VCSEL fabricated by using a solid- 
phase junction of a third embodiment according to 
the present invention. 
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Rg. 7 is a cross-sectional view illustrating the struc- 
ture of a VCSEL (two VCSELs are depicted) fabri- 
cated by using an adhesive containing electrically- 
conductive particles of a fourth embodiment 
according to the present invention. 5 

Rg. 8 is a cross-sectional view illustrating the struc- 
ture of a single VCSEL with an epitaxial mirror of a 
fifth embodiment according to the present inven- 
tion. 

Rg. 9 is a perspective view illustrating the structure io 
of a VCSEL array of a sixth embodiment according 
to the present invention. 

Rg. 10 is a cross-sectional view illustrating the 
structure of a display apparatus using a VCSEL 
array of a seventh embodiment according to the 1$ 
present invention. 

Rg. 11 is a cross-sectional view illustrating the 
structure* in which a VCSEL array and an electronic 
circuit are integrated, of an eighth embodiment 
according to the present invention. 20 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS 

Rrst Embodiment 25 

[0048] A first embodiment of the present invention is 
directed to a VCSEL array in which each VCSEL of an 
InGaAs/tnGaAsP series with a 1. 3-^m wavelength 
band grown on a single crystal semiconductor substrate 30 
1 of InP is bonded to a Si substrate 12 whose surface is 
insulated by thermal oxidization. Rg. 3A illustrates its 
overall perspective view with a cut-away portion, and 
Rg. 3B illustrates a detailed cross-sectional view of a 
light emitting region (or a pixel) of the VCSEL array. 35 
[0049] In the first embodiment, an active layer 3 is 
sandwiched between n-type and p-type clad layers 2 
and 4, and dielectric multi-layer mirrors 9 and 10 are 
provided at its opposite ends. The dielectric multi-layer 
mirror 9 is bonded to the Si substrate 1 2 by an adhesive <o 
1 1 . Patterning of an electrode 7 at the Si-substrate side 
is made such that a current can be independently 
injected into each pixel, as illustrated in Rg. 3 A. After 
the thus-formed wafer is bonded to the Si substrate 12 
and the semiconductor substrate 1 is etched into a 45 
frame-like shape, the substrate 1 and an ephaxjaUy- 
grown layer 14 at the periphery of the frame are partially 
removed to expose the electrode 7. The patterned elec- 
trode 7 is thus taken out An electrode 8 on the side of 
the semiconductor substrate 1 is taken out as a com- so 
mon electrode to each pixel since a portion of the elec- 
trically-conductive substrate 1 is left in such a frame-tike 
shape as illustrated in Rg. 3 A. In Rg. 3A, dielectric mir- 
rors 9 and 10 are omitted for the covenience of simple 
understanding, a pixel 15 is depicted in the form of an 55 
outer periphery of the active layer 3, and a light emitting 
layer 16 represents the active layer 3 itself. 
[0050] A fabrication process of the first embodiment 



will be described with reference to Rgs. 4A-4D. 

[0051] Initially, as illustrated in Rg. 4A, an n-lnGaAs 
contact or etching stop layer 20, the n-lnP clad layer 2, 
the strained multi-quantum well active layer 3 of 
undoped InGaAs/lnGaAsP, the p-lnP dad layer 4 and a 
p-lnGaAs contact layer 5 are grown on the n-lnP sub- 
strate 1 in the named order using a chemical beam epi- 
taxy (CBE) method or the like. Layers down to the active 
layer 3 around the light emitting region are perpendicu- 
larly etched in an annular shape with an inner diameter 
of 20 nm and an outer diameter of 40 jim, using a reac- 
tive ion beam etching (RIBE) method or the like. 
[0052] Then, the side end of the InGaAs contact layer 
5 is covered with a resist, and only the side end of the 
active layer 3 is etched several microns by a selective 
wet etching, so that the active layer 3 is thinned into a 
circular shape with a diameter of about 15 *im. The 
diameter of the active layer 3 is thus made approxi- 
mately equal to the effective diameter of the dielectric 
multi-layer (descrfced later) to constrict the injected cur- 
rent to a necessary degree. The oscillation operation 
can hence be made efficient and preferable. When a 
mixture of sulfuric acid, hydrogen peroxide water and 
water (in the ratio of 3:1 :1) is used as etchant. the InP 
dad layers 2 and 4 are not etched at all and the active 
layer 3. solely, is etched completely (thus, highly selec- 
tive etching is achieved). 

[0053] Further, there is a face-orientation dependency 
during the etching, so that when a (100) substrate is 
used. (010) face. (001) face and their inversely-oriented 
faces appear to form the active layer 3 of an approxi- 
mately square shape. In this case, the anisotropy of 
gain occurs in the active layer 3, and polarization of the 
oscillation light is stabilized. Accordingly, the problem of 
kinks and the like due to a polarization instability of 
oscillation light in a conventional VCSEL can be solved. 
The thus-formed groove is buried with a polyimide 13 or 
the like. 

[0054] Then, as illustrated in Fig. 4B. insulation is 
secured at the outer periphery of each pixel by forming 
a SiN layer 6 around the pixel. The p-side electrode 7 is 
formed by the patterning and deposition of Cr (its thick- 
ness: 500A)/Au (its thickness: 5000A). Within the pixel, 
circular portions of the electrode 7 and the contact layer 
5 slightly larger than the active layer 3 are removed. 
Thereafter, the dielectric multi-layer 9 consisting of six 
pairs of Si/Al 2 0 3 with a common thickness of X/4 (X : a 
real wavelength in the layer of the oscillation wave- 
length) is formed using an RF sputtering method or the 
like. In this step, annealing of the electrode 7 is con- 
ducted to obtain the electrode contact 
[0055] Then, after the InP substrate 1 is polished to a 
thickness of 100 pm (the thickness as illustrated in Rg. 
3A). the n-side electrode 8 of AuGe (its thickness: 
2000A)/Au (its thickness: 3000A) is vacuum-evaporated 
and annealed to establish the electrode contact. Pat- 
terning is performed to leave an outer portion of the 
array region in the frame shape as illustrated in Fig. 3A. 
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and only a portion of the electrode 8 in the region for 
hole-etching is removed. 

[0056 J As illustrated in Fig. 4C, the dielectric multi- 
layer 9 is bonded to the thermally-oxidized Si substrate 
12 with the adhesive 11, and the hole-etching of the 
substrate 1 is executed using chloric acid. The InGaAs 
contact or etching stop layer 20 is thus exposed. Since 
InGaAs cannot be etched by the chloric acid, the etch- 
ing is completely stopped at the etching stop layer 20. 
The above bonding is performed by inserting a sheet of 
polyimide series between the multi-layer 9 and the sub- 
strate 1 2 and heating it to 200 °C. 
[0057] Finally, as illustrated in Rg. 4D, the etching stop 
layer 20 is removed using an etchant of sulfuric acid 
series, and the dielectric multi-layer 10 consisting of six 
pairs of S1/AI2O3 is formed in the region of the VCSEL 
array only, using an RF sputtering method or the like. No 
multi-layer is formed on the frame for taking out the elec- 
trode 8. The outer periphery of the epitaxial layer 14 is 
etched and removed to take out the bonding-side elec- 
trode 7. The structure illustrated in Fig. 3A is thus com- 
pleted. 

[0058] When a multiplicity of the thus-formed pixels 1 5 
are arranged on a semiconductor substrate, a high-den- 
sity two-dimensional array laser with a low threshold 
can be readily fabricated. The 3x4 array of twelve pixels 
is illustrated in Fig. 3A. but the number can be 
increased. Further, when pixels are fabricated on each 
semiconductor substrate and the thus-formed sub- 
strates are bonded to another substrate in an appropri- 
ate arrangement, the number of the arrayed pixels can 
be further increased. In the first embodiment, each pixel 
can operate in a good condition even with the pixel inter- 
val of 100 urn. 

[0059] Although the substrate 1 of the first embodi- 
ment is shaped into a frame as illustrated in Fig. 3A, 
only one side or a part of one side of the frame may be 
left in place of the entire frame, provided that there 
exists a remaining region for establishing a contact with 
the electrode 8. 

[0060] Such a two-dimensional array laser can be 
used as a light source for high-speed parallel informa- 
tion transmission, optical interconnection and optical 
information processing. 

[0061] In the first embodiment, the structure of the 
InGaAsP/lnP series is formed on the InP substrate, but 
the choice of material series is not limited thereto, and 
the structure can be built in another wavelength band. 
The present invention can also be applied to the 
AIGaN/lnGaN series on a sapphire substrate, and the 
InGaAIP/lnAlP, InGaAs/AIGaAs and InGa- 
NAs/AlGaAs(GalnP) series on a GaAs substrate. Espe- 
cially, a i.3-|im band laser constructed with the 
lnGaNAs/AIGaAs(GalnP) series is superior in tempera- 
ture characteristics and differential gain, so that the 
laser can operate without any temperature control. 
Here, when no heat sink is used and the above-dis- 
cussed another substarte is transparent, oscillation light 



can be taken from both upper and lower sides. 

Second Embodiment 

5 [0062] A second embodiment is directed to a VCSEL 
array in which an electrode 31 is also formed in a hole- 
etched surface as illustrated in Fig. 5 to effect a matrix 
driving. For this purpose, stripes of the electrode 7 
extend in a column direction, while stripes of the elec- 

10 trode 31 extend in a row direction perpendicular to the 
column direction. In Fig. 5, the same members as those 
in Rg. 3A are designated by the same reference numer- 
als. 

[0063] The first half of the process of the fabrication of 

15 the second embodiment is similar to that of the first 
embodiment. The fabrication is similarly conducted up 
to the process of Fig. AC except for the formation of the 
electrode 8 on bottom surface. The etching stop layer 
20 is not removed and is instead used as the contact 

20 layer. In the process of Fig. 4C, a process similar to the 
surface process of Rg. 4B is performed. That is, a SiN 
layer is formed to secure the insulation of the periphery 
of each pixel, and an n-side electrode 31 of AuGe (its 
thickness: 2000A)/Au (its thickness: 3000 A) is formed in 

25 a pattern as illustrated in Fig. 5. Circular portions of the 
electrode 31 and contact layer 20 of a 15-um diameter 
are removed in each pixel 15, and a dielectric mirror is 
formed over the entire array region during the process 
of Fig. 4D (this mirror is not shown in Rg. 5). 

30 [0064] Further, the epitaxial layer 14 can be removed 
in a cross-striped pattern and the thus-formed groove 
can be buried with polyimide or the like as illustrated in 
Rg. 5 to prevent interference of the n-side electrode. 
This process is executed before the formation of the SiN 

35 layer and the n-side electrode 31 . 

[0065] When the number of arrayed pixels is large, the 
patterning will be considerably complicated if the struc- 
ture is built such that each pixel is driven with the elec- 
trode patterning similar to the first embodiment. 

40 Therefore, the matrix driving of the second embodiment 
is often more advantageous. Further, since a current is 
caused to flow through a thin layer, such as the clad 
layer 2, in an in-surface direction in the case of the com- 
mon electrode of the first embodiment, the resistance 

45 may be high and high-frequency characteristic may be 
poor. The second embodiment can solve those prob- 
lems. * 

Third Embodiment 

50 

[0066] In a third embodiment of the present invention, 
each pixel 15 as shown in Rg. 6 is formed after the 
wafer is bonded lo the substrate 12 (in Fig. 6. the same 
members as those in Rg. 3B are designated by the 
55 same reference numerals). The materials to be used 
are the same as those of the above embodiments, and 
a VCSEL of an oscillation wavelength of 1 .55 um is con- 
structed with the InGaAsP/lnP series on an InP sub- 
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strate. 

[0067] Si milarfy to the first embodiment a substrate to 
be bonded is the Si substrate 12 with little loss at 1.55 
urn whose opposite faces are polished. The final layer of 
the dielectric mirror 9 is made of Si, and the surface of 5 
the Si substrate 1 2 is directly bonded to sputtered amor- 
phous Si at a heated temperature of 200 °C and with a 
load applied thereto. Thus, direct bonding is effected 
without any adhesiva 

[0068] Here, if the pixel is fabricated beforehand, the 10 
bonding to the Si substrate 12 will be difficult owing to 
the surface un evenness and the influence of the polyim- 
ide 13. Therefore, it is desirable to perform the pixel- 
forming process after the bonding. The process may be 
done at higher temperatures to increase the bonding is 
strength. Further, if the overall surface is caused to act 
as a junction surface, the surface is likely to be sepa- 
rated due to stress and so forth. Therefore, it is effective 
that the dielectric mirror 9 is only formed over a region 
with a certain area (about a 50- diameter in this 20 
embodiment) as illustrated in Fig. 6 and that the non- 
bonded surface without the mirror 9 is caused to act as 
a relaxation layer. A non-bonded region 41 is a vacant 
space, so an ambient gas during the bonding process 
can be introduced within the region 41. When the ambi- 25 
ent gas has a negative pressure, a stable bonding state 
can be maintained. Heat radiation characteristic of the 
device is superior due to the direct bonding without any 
adhesive. 

[0069] The fabrication method and structure of the so 
third embodiment wfll be described with reference to 
Fig. 6. 

[0070] Similarly to the first embodiment, the laser 
structure is epitaxially grown on the InP substrate (the 
structure of the active layer 3 is different from that of the 35 
first embodiment). After the insulation structure of the 
SiN 6 is formed, the electrode wiring pattern 7 of Ti (its 
thickness: 500A)/Pt (its thickness: 1000A)/Au (its thick- 
ness: 3000 A) is formed as a non-alloy electrode on the 
InGaAs contact layer 5. No diffusion occurs in the elec- 40 
trode 7 at the time of heating. Then, circular portions of 
the electrode 7 and the contact layer 5 are removed with 
such a diameter (here, 30 um0, though depicted a little 
smaller in Rg. 6) as causes an effective diameter of the 
multi-layer mirror 9 to have a sufficient amount relative 45 
to that of the active layer 3. The multi-layer mirror 9 
(whose final layer is Si) of S1/AI2O3 is deposited with a 
diameter of 50 um by a lift-off method or the like. 
[0071] The Si substrate 12 is then bonded as 
described above. Thereafter, after the InP substrate is so 
removed similarly to the first embodiment the formation 
process of the pixel is executed. The electrode 8 is 
formed in such an electrode pattern as illustrated in Fig. 
5, so that the pixels 15 can be driven independently 
from each other. In Rg. 6, reference numeral 42 desig- 55 
nates an etching stop or contact layer. 
[0072] When the device is operated, light may be 
taken out from the side of the Si substrate 12, or from 



the side where no Si substrate 12 is bonded as a heat 
sink 

[0073] In the third embodiment, the optical device and 
an integrated circuit fabricated on the Si substrate 12 
can be provided on a common substrate, and hence an 
opto-electronic integrated device can be constructed at 
a relatively inexpensive cost The optical device can be 
readily positioned even in a narrow location since no 
adhesive is used. 

[0074] An example of such an opto-electronic inte- 
grated device is illustrated in Rg. 1 1 . Rg. 1 1 depicts an 
integration portion between the pixel (surface emitting 
laser) array and a bipolar transistor 210 for driving the 
surface emitting laser, which transistor is formed at a 
final stage of the integrated circuit formed on a Si sub- 
strate 1 12. A dielectric mirror 109 is directly bonded, in 
a solid phase, to a SiN x layer 200 which is a protective 
layer for a bare chip of Si devices. The solid-phase 
bonding between Si's is executed in the above-dis- 
cussed fabrication process, but the bonding between Si 
and the SiN x layer is similarly possible. Only a portion of 
the SiN x layer 200 on a surface layer of the Si bare chip 
in a region, which is to be bonded to the surface emitting 
laser, may be removed, and the bonding may be per- 
formed to such a revealed surface of the Si substrate 
112. It should be noted that the process temperature 
would not be raised too much when the bonding to a Si 
substrate with an integrated circuit thereon is per- 
formed. 

[0075] In the bonding process, a laser electrode 107 
and a collector electrode 201 of the transistor 210 are 
aligned with each other, and the driving transistor 21 0 is 
thus connected to each surface emitting laser. The tran- 
sistor 210 is an npn-type in which the electrode 201 
formed on an n-diffusion region 206 is a collector, an 
electrode 203 formed on a p-diffusion region 208 is a 
base and an electrode 202 formed on an n-diffusion 
region 207 is an emitter. 

[0076] In Rg. 1 1 , reference numeral 204 designates 
an n-diffusion region initially formed on the substrate 
1 12, and reference numeral 205 designates a p-diffu- 
sion region tor separating devices from each other. Fur- 
ther, reference numeral 101 designates a growth 
substrate, reference numeral 102 designates an n-ciad 
layer, reference numeral 103 designates an undoped 
active layer, reference numeral 104 designates a p-clad 
layer, reference numeral 106 designates an insulating 
layer, reference numeral 108 designates an n-side elec- 
trode, reference numeral 110 designates a cfielectric 
mirror, reference numeral 1 13 designates potyimide put 
in a groove portion, and reference numeral 132 desig- 
nates potyimide put in another groove portion for pre- 
venting interference between the n-side electrodes 1 08. 
[0077] The electrodes of the transistor other than the 
collector electrode 201 are connected to a CMOS circuit 
or the like formed on the Si substrate 112 through elec- 
tric wires. The other electrode 108 of the surface emit- 
ting laser is also connected to a power source or the like 
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through a wire pattern formed on the substrate. 
Fourth Embodiment 

[0078] In a fourth embodiment of the present inven- 
tion, an electrode pattern, which is formed on the side of 
the epitaxial layers in the above embodiments, is formed 
on the substrate to be bonded, and the electrode pat- 
tern is bonded and electrically connected to an elec- 
trode pad in a simple shape formed at each pixel. 
[0079] In the structure as illustrated in Fig. 7 (in Fig.-7, 
the same portions as those in Fig. 6 are designated by 
the same reference numerals), Au 51 is deposited on 
the side of the pixel such that electrical conduction can 
be established between an upper portion of the dielec- is 
trie mirror 9 and the electrode contact 7 of the pixel. 
Electrical conduct ion between the Au 51 on the upper 
portion of the dielectric mirror 9 and an electrode pat- 
tern 52 on the side of a substrate 55 is attained by a 
polyimide-series adhesive 54 containing electrically- 20 
conductive particles 53. The adhesive 54 has character- 
istics that electrical conduction can be achieved only 
between the electrode pads 51 and 52 while no conduc- 
tion is established between recesses of stepped por- 
tions on both lateral sides of the electrode pads 51 and 25 
52. 

[0080] The wiring pattern is formed of a plating 52 of 
Cu/Mi/Au with a thickness of about 15 nm on the resin 
substrate 55. After the alignment between the electrode 
pads 51 and 52 is effected by using infrared transmitting 30 
light, the bonding thereof is conducted by heating it to 
200 °C while applying a load thereto. The dielectric mir- 
ror 9 has a diameter of 50 jim similarly to the third 
embodiment, and its height is 2 *im. As illustrated in Fig. 
7. the conductive particles 53 are inserted between the 35 
two electrode pads 51 and 52 and the electrical conduc- 
tion is secured therebetween, while no electrical con- 
duction is attained in regions without any pad since 
those particles 53 are not connected to each other 
therein. Vacant portions on the bonding side are filled 40 
wrth the polyimide adhesive 54. 
[0081 J The pixel is formed similarly to the third embod- 
iment Regarding the structure of the VCSEL in Fig. 7, 
the growth substrate is removed and the pixels are fab- 
ricated after the bonding step, similarly to the third as 
embodiment. The pixel, however, may be fabricated 
prior to the bonding step as in the first embodiment. Fur- 
ther, the electrode wiring pattern is the same as that in 
Fig. 3A or Fig. 5. 

[0082] In the fourth embocfiment, since only the so 
required portions can be electrically connected readily 
and positively, this embodiment can be especially effec- 
tively used where the wiring pattern is more compli- 
cated and denser than that in the above embodiments. 
Further, heat radiation characteristics of the device of 55 
the fourth embodiment are better than those of the first 
embodiment since the adhesive containing the conduc- 
tive particles is used. 



[0083] So-called anisotropic electrically-conductive 
adhesive, in which conductive particles are thinly dif- 
fused, is used in the fourth embodiment, but any bond- 
ing method may be used, provided that electrical 
5 contact can be effected only between the desired elec- 
trodes while insulation is secured between other elec- 
trode wires. 

[0084] As other bonding methods, there exists a 
method in which solder, Ag paste or the like is selec- 
tively placed only at regions whereat electrical contact is 
desired, as well as a method in which electrode metals 
are pressed to each other by applying a load to the sub- 
strate, and so forth. As the selective solder formation, 
there exists a so-called flip-chip packaging in which a 
solder ball is placed, and a method in which a film of sol- 
der is selectively formed by plating. As the selective for- 
mation of Ag paste, there exist a screen printing method 
and the like. In either method, selective formation is 
possible in a size of about 50-jun square. 
[0085] Further, though the resin substrate 55 is used 
as the substrate to be bonded, it is naturally possible to 
connect a bare chip to another bare chip of the Si sub- 
strate on which the integrated circuit is formed as in the 
third embodiment, as illustrated in Fig. 12. 

Fift h Embodiment 

[0086] In the above embodiments. InP series and die- 
lectric mirrors are used, but in a fifth embodiment, the 
concept of the present invention is applied to a VCSEL 
of GaAs series provided with epitaxial mirrors. When 
the GaAs substrate is used, high-reflection DBR mirrors 
can be formed at opposite end surfaces by epitaxially 
growing AlAs/GaAs (or AlGaAs) multi-layers together 
with the active layer. Therefore, no separate formation 
step of the dielectric mirror is needed, so that the overall 
process can be considerably simplified. 
[0087] Fig. 8 illustrates such a structure. An n- 
AlAs/AIGaAs (twenty-five pairs) DBR mirror 61. a 
GaAs/AIGaAs multiple quantum well active layer 62 
sandwiched between AlGaAs spacers, and a p- 
AlAs/AIGaAs (thirty pairs) DBR mirror 63 are formed on 
the n-GaAs substrate (not shown) during a single epi- 
taxial growth process. The overall thickness of the 
active layer and the spacer layers is set to one wave- 
length of the oscillation wavelength. In this embodiment, 
the oscillation wavelength is 835 nm. and that overall 
thickness is about 250 nm. The uppermost layer of the 
p-DBR mirror 63 is made of GaAs such that the elec- 
trode contact to the mirror 63 can be improved. Also in 
this embodiment, the pixel is formed similarly to the first 
embodiment, but only the formation of the insulation 
structure of the SiN 6, the burying with the polyimide 13. 
and the formation of the p-electrode pattern 7 are 
needed since the two mirrors has already formed. 
[0088] After this wafer is bonded to the Si substrate 12 
or the like, the n-GaAs substrate is removed except a 
portion thereof, as in the above embodiments. Here, 
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selective etching of the GaAs substrate and the first 
layer AlAs of the n-DBR mirror 61 is conducted using a 
wet etching of ammonia plus hydrogen peroxide series 
and dry etching, for example. The n-side electrode may 
be the same as that of the first embodiment. 

[0089] There is no need to remove the n-GaAs sub- 
strate where light is taken from the side of the p-DBR 
mirror 63, but in such a case, precise and acurate pat- 
terning is required to form a window for taking out the 
light in the p-side electrode 7. Therefore, where the 
device is a GaAs-sertes device whose wavelength band 
(below about 850 nm) is absorbable by the growth sub- 
strate, the fifth embodiment is effective since no window 
is formed in the p-electrode 7 and the n-GaAs substrate 
is removed. 

Sixth Embodiment 

[0090] In a sixth embodiment layers grown on the 
growth substrate are not bonded to another substrate, 
and a multiplicity of regions with small areas, where 
active regions are highly densely arrayed, are arranged, 
as illustrated in Fig: 9. When the hole-etching region 
has a small area, say about 300-um square (this value 
is roughly determined by the strength needed to main- 
tain the laser substrate and a desired value of electric 
resistance on the side of an electrode 78). a lattice- 
shaped substrate 71 has a sufficient strength and hence 
no bonding to another substrate is needed. In this 
embodiment, four (2x2) pixels 15 are integrated at a 
pitch of 125 um in the area of 300 um 2 , the lattice- 
shaped substrate has a width of 100 um, and sixteen 
partitions each including four pixels are arranged in a 
two-dimensional pattern. 

[0091] Where tie integration degree is low (i.e.. the 
pitch between pixels is relatively large), the structure of 
this embodiment formed by a simple process is effective 
since the lattice-shaped substrate 71 with the electrode 
78 thereon can be left between the pixels 1 5. 

Seventh Embodiment 

[0092] In a seventh embodiment, lasers or LEDs of 
GaN-series material for emitting light from blue to ultra- 
violet (wavelength: 420 nm~380 nm) are bonded to 
another substrate to form the arrangement in a two- 
dimensional array, as described in the above embodi- 
ments. When a glass is used as that another substrate 
and fluorescent substance is applied to a glass sub- 
strate 92 for each pixel as illustrated in Fig. 10 such that 
fluorescent light of R. G or B can be emitted therefrom, 
the device can be used as a full-color display device by 
using optical stimulation by the light from blue to ultravi- 
olet. 

[0093] The pixels can be formed with the pixel diame- 
ter of 25 um and the interval of about 75 um, and the 
area of the arrayed pixels can be largely increased. 
Therefore, even a panel-type large-scale full-color dis- 



play device can be built. Since a low-threshold laser is 
used as the light emitting source, display can be per- 
formed with small consumption electric power and large 
luminance, and no high voltage and no vacuum are 
5 needed. 

[0094] The structure and process are similar to those 
of the above embodiments. Those will be described with 
reference to Fig. 10. 

[0095] A low-temperature buffer layer (not shown) of 
10 GaN or AIN, which can be formd at low growth temper- 
ature, is formed with a relatively large thickness of about 
10 um on a sapphire substrate (not shown). A clad layer 

81 of n-GaN/h-AIGaN, a multiple quantum well active 
layer 82 of undoped InGaN/AIGaN, a clad layer 84 of p- 

is AIGaN/p-GaN, and a p-GaN cap layer 85 are then 
grown using a metal organized vapor phase epitaxy 
(MOVPE) method or the like. Similarly to the first 
embodiment the pixel and the like are formed using 
etching, such as RIBE. and so forth. In this embodi- 

20 merit, selective constriction etching of the active layer 

82 is difficult, so a current block region 83 is formed by 
selectively oxidizing the AIGaN layer (a barrier layer) in 
the active layer 82. This process uses the phenomenon 
that when heating process is performed at about 500 °C 

25 in the atmosphere of water vapor, an oxidized portion 
proceeds inwardly from a side wall of the layer contain- 
ing easily-oxidizable Al. At this time, the side wall of 
AIGaN layer in the clad layer 84 ts also oxidized simi- 
larly, but no cunent block region is formed thereat since 
30 the cap layer 85 remains unchanged due to its GaN. 
Therefore, no problem occurs. Then, after the groove 
portion is buried with a burying layer 94, Ni (its thick- 
ness: 1000 A)/Au (its thickness: 3000 A) is deposited as 
a p-side electrode 87. Reference numeral 86 desig- 
35 nates an insulating layer. 

[0096] Thereafter, a dielectric multi-layer mirror 89 of 
eighteen pairs of SiO^/MgO is formed using RF sputter- 
ing method or the like, and the thus-formed wafer is 
bonded to the glass substrate 92 on which RGB fluores- 
ce cence substance 93 is patterned corresponding to each 
pixel, by adhesive 91 . 

[0097] The sapphire substrate is removed, except for 
its outer frame portion, by polishing or the like until the 
buffer layer appears. The exposed low-temperature 

45 buffer layer of GaN or AIN is removed by etching, using 
phosphoric acid heated up to 300 °C. Here, the etching 
rate of the n-GaN layer in the clad layer 81 of epitaxially- 
grown single crystal n-GaN/n- AIGaN is very slow for the 
above etchant, and hence the selective etching can be 

so effected. 

[0098] A matrix-shaped wiring is formed similarly to 
the second embodiment. Specifically, a pattern of Ti (its 
thickness: 500 A)/AI (its thickness: 1 jim)/Au (its thick- 
ness: 2000 A) is formed as an n-side electrode 95, as 
55 illustrated in Fig. 5. The epitaxial layers may be removed 
in the lattice-shaped pattern 32 and polyimide or the like 
may be put therein, as illustrated in Fig. 5, so that the 
interference of the n-side electrode can be prevented. 
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Finally, after the electrode 95 in the pixel is removed in 
a circular shape of 15-um diameter, a dielectric multi- 
layer mirror 90 of SiOa/MgO is laid down over all the 
array region (not on the outer frame portion of the 
growth substrate). The display can be thus performed 5 
by the matrix driving. 

[0099] In the case of the LED, no dielectric mirror 89 
is formed on the side of the fluorescent substrate 93. 
Also in the first to sixth embodiments, the LED array can 
be formed without forming the rrtirror on the light- 10 
takeout side. Thus the LED can be fabricated readily. 
[01 00] In the above embodiments, light emission 
devices are arranged, but the light emission device can 
be replaced by a light receiving device. Where the elec- 
tric wire and so forth are formed on the bonding sub- is 
strate and light need be input from the side of the growth 
substrate not of the bonding substrate, the array of the 
light receiving devices can be relatively readily formed 
when the growth substarte is removed as illustrated in 
Fig. 3A- The structure in this case may be approximately 20 
the same as that of Figs. 3A and 3B. except that the 
active layer is an absorptive layer and an inverse elec- 
tric field is applied across the electrodes to take a photo- 
current therefrom. When the device is constructed as 
light receiving device, no multi-layer mirrors is basically 25 
needed, but its light reception efficiency can be 
improved if the mirror on the side of the bonding sub- 
strate is formed, similarly to the laser, to reflect light 
thereat and return it to the light absorptive layer. 
[0101] As described in the foregoing, according to the so 
present invention, a surface-type opticaJ device capable 
of being readily fabricated with good productivity and 
suitable for a two-dimensional array light emission 
apparatus can be achieved. Its preferable fabrication 
method, display apparatus using that device and the jike 35 
can also be obtained. 

[01 02] Except as otherwise disclosed herein, the var- 
ious components shown in outline or block form in any 
of Figures 1 - 1 1 are individually well known in the optical 
semiconductor device, and their internal construction ao 
and operation are not described herein. 
[0103] While the present invention has been 
described with respect to what are presently considered 
to be the preferred embodiments, it is to be understood 
that the invention is riot limited to the disclosed embod- 45 
iments. The present invention is intended to cover vari- 
ous modifications and equivalent arrangements 
included within the spirit and scope of the appended 
claims. 

[0104] A surface-type optical device, such as a sur- so 
face emitting laser device, includes a.first substrate, a 
plurality of active regions formed and disposed on the 
first substrate, and a control unit for injecting a current 
into or applying an inverse voltage to each active region. 
A portion of the first substrate is removed over an area ss 
including at least two active regions. The active region is 
constructed such that light is output from or input into 
each active region perpendicularly to the first substrate. 



A second substrate may be bonded to a side of the epi- 
taxially-grown layers of the first substrate. 

Claims 

1. A surface-type optical device 
comprising: 

a first substrate; 

a plurality of active regions formed and dis- 
posed on said first substrate, a portion of said 
.first substrate being removed over an area 
including at least two said active regions; and 
control means for injecting a current into or 
applying an inverse voltage to each of said 
active regions, light being output from or input 
into each of said active regions perpendicularly 
to said first substrate. 

2. A surface-type optical device according to claim 1, 
said active regions being arrayed, and a portion of 
said first substrate being removed over an area of 
all of said arrayed active regions. 

3. A surface-type optical device according to claim 2. 
a portion of said first substrate being left outside all 
of said arrayed active regions. 

* ■ * 

4. A surface-type optical device according to claim 1 . 
said active regions being arrayed, and a portion of 
said first substrate being left in a lattice-shaped 
form over an area of all of said arrayed active 
regions. 

r "1 - 

5. A surface-type optical device according to any one 
of claims 1 to 4, further comprising a second sub- 
strate, said first substrate having said active regions 
arrayed thereon and being bonded to said second 
substrate with said active regions interposed 
between said first substrate and said second sub- 
strate. 

6- A surface-type optical device according to any one 
of claims 1 to 5. said control means including a 
common electrode common to said active regions 
formed on a remaining portion of said first sub- 
strate. 

7. A surface-type optical device according to any one 
of claims 1 to 6. said control means including an 
electrode pattern formed in said area including at 
least two active regions to take out each electrode 
from each of said active regions. 

8» A surface-type optical device according to any one 
of claims 1 to 7, further comprising a second sub- 
strate. said first substrate with said active regions 
arrayed thereon being bonded to said second sub- 



21 



EP0905 838A1 



22 



w 



15 



20 



strate with said active regions interposed between 
said first substrate and said second substrate, and 
said control means including an electrode pattern 
formed on a surface of said active regions, to which 
said second substrate is bonded, said electrode 
pattern being exposed by a removal of an outer- 
most portion of said first substrate and a portion of 
said active regions to take out each electrode from 
each of said active regions. 

9. A surface-type optical device according to any one 
of claims 1 to 7, further comprising a second sub- 
strate, said first substrate with said active regions 
arrayed thereon being bonded to said second sub- 
strate with said active regions interposed between 
said first substrate and said second substrate, and 
said control means including an electrode pattern 
formed on a surface of said second substrate, to 
which said first substrate is bonded such that the 
electrode pattern is electrically connected to each 
of said active regions to take out each electrode 
from each of said active regions. 



10. A surface-type optical device according to any one 

of claims 1 to 5, said control means comprising 25 
positive and negative electrodes formed in a matrix 
form such that each of said active regions can be 
driven independently. 

11. A surface-type optical device according to any one 30 
of claims^ 1 to 6, further comprising a second sub- 
strate, said first substrate with said active regions 
arrayed thereon being bonded to said second sub- 
strate with said active regions interposed between 
said first substrate and said second substrate, and 3s 
sad second substrate comprising a semiconductor 
substrate with an electronic circuit formed thereon, 

at least one electrode of said electronic circuit being 
electrically connected to each of said active regions 
through an electric wire formed on said second sub- to 
strate. 

12. A surface-type optical device according to any one 
of claims 1 to 1.1, said active region comprising a 
light emission layer such that a surface emitting 45 
device for emitting light perpendicularly to said first 
substrate is formed. 

13. A surface-type optical device according to claim 1 2, 
said surface emitting device comprising a vertical so 
cavity surface emitting laser with a pair of reflection 
mirrors provided on opposite sides of said light 
emission layer. . 

1 4. A surface-type optical device according to claim 1 2. 55 
said surface emitting device comprising a fight emit- 
ting device with at most a reflection mirror provided 

on one side of sad tight emission layer. 



15. A surface-type optical device according to any one 
of claims 1 to 11, said active region comprising a 
light absorptive layer such that a surface-type light 
receiving device for receiving light input perpendic- 
ularly to said first substrate is formed. 

16. A surface-type optical device according to claim 15, 
said surface-type light receiving device comprising 
a light receiving device with at least a reflection mir- 
ror provided on at least a side of said fight reception 
layer. 

17. A surface-type optical device according to any one 
of claims 1 to 16, said active region comprising at 
least a reflection mirror consisting of two kinds of 
dielectric layers which are alternately layered. 

18. A surface-type optical device according to any one 
of claims 1 to 16, said active region comprising at 
least a reflection mirror consisting of two kinds of 
semiconductor layers which are alternately layered. 

19. A surface-type optical device according to any one 
of claims 1 to 14, 17 and 18. further comprising a 
second substrate of a transparent material, said 
first substrate having said active regions arrayed 
thereon and being bonded to said second substrate 
with said active regions interposed between said 
first substrate and said second substrate, each of 
said active regions comprising a light emission 
layer such that a surface emitting device for emitting 
light perpendicularly to said first substrate is 
formed, and further comprising a fluorescent sub- 
stance provided between said surface emitting 
device and said second substrate such that display 
can be performed by light of a color at an emission 
wavelength of said surface emitting device or light 
of a fluorescence color generated when said fluo- 
rescent substance is stimulated by the light from 
said surface emitting device. 

20. A surface-type optical device according to any one 
of claims 1 to 19, said active regions comprising 
layers of compound semiconductor consisting of a 
Ill-group element selected from the group consist- 
ing of B, Al, Ga and In and N. 

21. A surface- type optical device according to any one 
of claims 1 to 19, said active regions comprising an 
active layer of an oxide of Zn and clad layers of an 
oxide of Mg. 

22. A surface-type optical device according to any one 
of claims 1 to 21. said active regions including a 
current constriction structure for constricting a cur- 
rent flow. 

23. A fabrication method of a surface-type optical 
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device, comprising the steps of : 

epitaxial ly growing layers including an active 
layer on a first substrate; 

forming a plurality of active regions on the first s 
substrate, each active region being con- 
structed such that light is output from or input 
into each active region perpendicularly to the 
first substrate; and 

removing a portion of the first substrate over an 10 
area including at least two of the active regions. 

24. A fabrication method according to claim 23, further 
comprising the step of bonding a side of the epitax- 
ial ly-grown layers of the first substrate to a second is 
substrate. 

25. A fabrication method according to claim 23 or claim 
24, further comprising the step of forming a current 
constriction structure for constricting a current flow 20 
to the active layer in the active region. 

26. A fabrication method according to any one of claims 
23 to 24, further comprising the step of forming a 
reflection mirror on a side of the epitaxially-grown 25 
layers of the first substrate. 

27. A fabrication method according to any one of claims 
23 to 24, further comprising the step of forming a 
reflection mirror on a face of the epitaxially-grown so 
layers exposed by said removing step. 

28. A fabrication method according to any one of claims 
23 to 27, said removing step being performed after 
said forming step of the active regions. 35 

29. A fabrication method according to any one of claims 

23 to 27, said forming step of the active regions 
being performed after said removing step. 

40 

30. A fabrication method according to any one of claims 

24 to 29, said removing step being performed after 
said bonding step. 

45 
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